Background and Objectives: Left ventricular (LV) remodeling (LVR) after an acute myocardial infarction (AMI) has important clinical implications. We have investigated the prognostic relevance of ventricular systolic dyssnchrony as an indicator of LVR after an AMI. Subjects and Methods: We enrolled 92 patients (males, 72.8%; mean age, 61.0±13.0 years) with an AMI who underwent successful percutaneous coronary intervention. We analyzed the baseline characteristics, the laboratory and echocardiographic findings, and we performed follow-up echocardiography 6 months after the AMI. The patients were divided into two groups: 1) the presence of LVR, which was defined as an increment of LV end systolic volume (LVESV) >20% compared with the baseline examination; and 2) the absence of LVR. Results: Twenty-seven patients (29.3%) developed LVR after a 6 month follow-up. There was no statistically significant difference in the clinical and angiographic findings between the two groups. With respect to the laboratory findings, the LVR group had a higher peak creatine kinase MB (CK-MB) (149.9±155.0 vs. 74.6±69.7 U/L, p=0.001) and troponin-I (70.2±73.3 vs. 43.2±39.5 ng/mL, p=0.024) level than the group without LVR. With respect to echocardiographic findings, the baseline LV ejection fraction (EF) and LVESV were not significantly different (LVESV, 73.0±37.3 vs. 91.3±52.0 mL, p=0.013; and EF, 58.3±13.3 vs. 55.6± 11.8%, p=0.329) between the groups with and without LVR, respectively. The degree of LV dyssynchrony, which was assessed by tissue Doppler imaging, was significantly higher in the LVR group than the group without LVR (75.2±43.4 vs. 38.3±32.5 ms), and the degree of LV dyssynchrony was an independent predictor for LVR based on multivariate analysis {hazard ratio (HR)=0.097, p<0.001}. In receiver operating characteristics (ROC) curve analysis, the area under the curve (AUC) was 0.754 and a cutoff value of 45.9 predicted the development of LVR with 74.1% sensitivity and 72.3% specificity. Conclusion: The presence of LV dyssynchroncy immediately after a myocardial infarction is an important predictive factor for development LVR. 
Introduction
Dyssynchrony of left ventricular (LV) contraction is an indicator of a temporal discrepancy in myocardial contraction among different segments of the left ventricle. The concept of dyssynchrony has been more frequently proposed since the introduction of cardiac resynchronization therapy (CRT) for intractable heart failure.
1)2)
Various parameters representing dyssynchrony have been evaluated for validation as predictors of response to CRT; 3) however, the clinical implications of dyssynchrony after an acute myocardial infarction (AMI) have not been fully evaluated.
Left ventricular remodeling (LVR) after an AMI is considered to be an important prognosticator. 4) A number of studies have shown a significant correlation between the presence of LVR and adverse clinical outcomes, [5] [6] [7] thus predicting LVR is important in risk stratification and devising management plans.
An AMI has been shown to have an impact on myocardial contractile synchronicity. 8) In that study, the de-gree of LV dyssynchrony was associated with infarction size. Accordingly, we have assumed that dyssynchronous contraction results in an undesirable influence on the myocardium, such as tethering of the myocardium, eventually leading to remodeling of the left ventricle. With that assumption in mind, in the current study we have attempted to identify the relationship between LVR and dyssynchrony immediately after an AMI.
Subjects and Methods

Patient population
We enrolled 92 patients (mean age, 61±13 years; males, 72.8%) who were admitted to Chonnam National University Hospital (CNUH) with a diagnosis of AMI. The inclusion criteria were: 1) patients presenting with typical ischemic pain and/or electrocardiogram (ECG) changes; and 2) elevated troponin I (TnI) levels, defined as >0.01 ng/mL at the time of beginning of the ischemic symptoms.
All of the patients received standard management, according to the American College of Cardiology/American Heart Association (ACC/AHA) guidelines, 9) and underwent primary percutaneous coronary intervention (PCI). Thrombolysis In Myocardial Infarction (TIMI) III flow was achieved without serious complications in all patients.
Study protocol
Baseline clinical characteristics, including age, gender, and risk factors of coronary artery disease, such as diabetes and hypertension, were recorded at the time of admission. Among various laboratory data, the peak levels of creatine kinase MB (CK-MB), TnI, and N-terminal pro b-type natriuretic peptide (NT-pro-BNP) were evaluated for estimation of the infarction burden. Twodimensional echocardiography was carried out within 48 hours of admission. The mean time to echocardiography was 26±15 hours. The parameters assessed during echocardiography were left ventricular ejection fraction (LVEF), left ventricular end diastolic volume (LVEDV), left ventricular end systolic volume (LVESV), left atrial dimension (LAD), the ratio of mitral inflow peak velocity (E)/mitral annular peak early velocity (E'), and the severity of mitral regurgitation. Follow-up echocardiography was performed 6 months after the AMI and all of the initial parameters were evaluated again.
The left ventricular volume was estimated by the modified Simpson's method. LVR was defined as an increment of LVESV by 20% compared with the initial value. Dyssynchrony in contraction of the left ventricle was assessed by the color-coded tissue doppler image (TDI) method.
10)11) Specifically, the degree of dyssynchrony was represented by the maximal difference between the time to peak systolic velocity (Ts) measured at each 6 segments of the left ventricle. The enrolled patients were divided into two groups: 1) the presence of LVR after 6 months of follow-up; and 2) the absence of LVR after 6 months of follow-up.
Statistical analysis
Continuous variables were tested for normal distribution using the Kolmogorov-Smirnov test. Continuous variables are presented as the mean±standard deviation. The difference of continuous variables between groups was analyzed with an independent sample t-test. Categorical data were compared using a chi-square test.
The correlation between degree of dyssynchrony and change of LVESV was assessed with a bivariate correlation. In addition, multivariate logistic regression was performed to demonstrate statistical independence of the results. To determine the optimal threshold of the dyssynchrony index for prediction of LVR, receiver operating characteristic (ROC) curve analysis was applied. For all analyses, a p<0.04 was considered statistically significant.
Statistical analysis was performed using Statistical Package for Social Science (SPSS) 15.0 for Windows (SPSS, Inc., Chicago, IL, USA).
Results
Baseline characteristics
Among 92 patients, 67 patients (72.8%) were males. The mean age was 61±13 years. The final diagnosis was ST elevation myocardial infarction (STEMI) in 58 patients (63%) and non-ST elevation myocardial infarction (NSTEMI) in 34 patients (37%). Forty-eight patients (52.2%) had multi-vessel disease. In detail, 24 patients (26.1%) had two-vessel disease and 24 patients (26.1%) had three-vessel disease. The LAD was the infarctionrelated artery in 43 patients (46.7%). All of the patients received PCI and obtained TIMI III flow without complications.
On the baseline echocardiographic exam, the mean ejection fraction (EF), left ventricular end diastolic dimension (LVEDD), LVEDV, left ventricular end systolic dimension (LVESD), and LVESV were 56.4±12.2%, 50.9±6.7 mm, 176.7±52.1 mL, 35.1±8.4 mm, and 85.9±48.8 mL, respectively. Moderate-to-severe LV dysfunction was defined as an EF <40%, and was observed in 11 patients (11.2%). Eleven patients (11.2%) had diastolic dysfunction, defined as an E/E' ratio >15. Mitral regurgitation > grade II was observed in 10 patients (10.8%). The degree of LV dyssynchrony was estimated by the maximum difference of Ts in six standard myocardial segments using color-coded TDI. The mean dyssynchrony index at baseline was 49.5±39.4 ms. Thirty patients (32.6%) in whom the dyssynchrony index was >64 ms were considered to have dyssynchrony.
Six-month follow-up results
On follow-up echocardiography, the LVEF was improved >10% in 18 patients (19.6%). In contrast, the LVEF was decreased >10% in 16 patients (17.4%) and 58 patients (63%) had no significant change.
The mean LVESD at the 6 month follow-up was 85.9 ±48.8 mL. The LVESV was increased in 50 patients (54.3%) compared to the baseline examination. Twentyseven patients (29.3%) had LVR.
When the entire study population was divided into two groups according to the presence or absence of LVR, there was no significant difference in the baseline characteristics between the two groups, except for a family history of ischemic heart disease ( Table 1) .
The laboratory data pertaining to the presence or absence of LVR are shown in Table 2 . The peak CK-MB and TnI levels were significantly higher in the LVR group than the group without LVR. The peak CK-MB level in the LVR group was 149.6±155.0 U/L compared to 74.6±69.7 U/L in the group without LVR (p=0.001). The TnI level was 70.2±73.3 ng/mL in the LVR group and 43.2±39.5 ng/mL in the group without LVR (p= 0.024). In contrast, the C-reactive protein (CRP) and NT pro-BNP levels did not differ significantly between the two groups. The incidence of left anterior descending artery involvement, multi-vessel disease, and TIMI flow before PCI was determined by coronary angiography; there was no significant difference between the two groups in any of the three parameters (Table 3) .
On baseline echocardiographic data, there were no significant differences in LVESV, LVEDV, EF, left atrium (LA) diameter, mitral regurgitation (MR) grade, and incidence of diastolic dysfunction between the two groups, as shown in Table 4 . The only difference in baseline echocardiography was the dyssynchrony index, as assessed by color-coded TDI. The mean dyssynchrony index in the LVR group was 75.2±43.3 ms, which was significantly greater than the group without LVR (38.8±32.5 ms; p<0.001). The difference in the dyssynchrony index is depicted in Fig. 1 . We then verified the correlation be tween the dyssynchrony index and the change in LVESV. As shown in Fig. 2 , the change in LVESV had a positive correlation with the dyssynchrony index (r 2 =0.111, p=0.001). At the 6 month follow-up, there were no significant differences in the incidence of patients in the groups with and without LVR taking an angiotensin converting enzyme inhibitor, an angiotensin receptor blocker, and a beta-blocker.
To identify the independency of the LV dyssynchrony index as a predictor of LV remodeling, we performed multivariate logistic regression for variables which showed statistical significance on univariate testing (a family history of ischemic heart disease, and the peak TnI and CK-MB levels). The results are shown in Table 5 . The dyssynchrony index remained an independent predictor of LVR after adjustment for other variables (HR=0.097; 95% CI, 0.028-0.343, p<0.001). To determine the optimal cut-off value of the dyssynchrony index for LVR, receiver operating characteristics analysis (ROC) was performed. The area under the curve (AUC) was 0.754, which indicates good predictability. The peak systolic time difference >45.9 ms predicted the development of LVR with a sensitivity of 74.1% and a specificity of 72.3%. The results of ROC analysis are shown in Fig. 3 .
Discussion
We demonstrated herein that LV dyssynchrony is an independent predictor of LVR compared to other parameters. The severity of LVR was positively correlated with the degree of LV dyssynchrony.
Unfavorable remodeling of the left ventricle has been one of the important sequelae after an AMI which causes progressive left ventricular dysfunction. 6)12) In the current study, 16 patients (17.4%) had worsening of LV systolic function, as defined by a decrease in LVEF >10%.
13)
The definition of LVR has varied between studies because the term, remodeling, implies multiple meanings, including morphology and volume. We adopted the increment of LVESV >20% as the definition of LVR. The majority of previous studies regarding LVR after an AMI chose a change in LVESV as the definition of remodeling due to good reproducibility. [14] [15] [16] In the current study, 29.3% of patients had evidence of LVR at the 6 month follow-up. The incidence of LVR was higher compared with the results of previous studies which showed a 16% to 20% incidence. 17) 18) This result may be due to the large infarction burden in the study population that was presumed by a high peak cardiac enzyme level. The various predictors for LVR after an AMI have been tested for validation. [19] [20] [21] The current established predictors are infarction size, involvement of the left anterior descending artery, and the presence of hypertension. [22] [23] [24] Among the known predictors for LVR, infarction size, which is estimated by the peak level of cardiac enzymes, was in agreement with the findings in the current study. Even though the incidence of LAD involvement and hypertension had a higher tendency in the LVR group than the group without LVR, there were no significant differences between the two groups. The lack of differences in the incidence of LAD involvement and hypertension may reflect the small population number; enrollment of a larger number of patients in a future study may clarify the discrepancy.
In the current study, we evaluated the possibility of LV systolic dyssynchrony as a predictor of LVR. The previous studies involving LV systolic dyssynchrony mainly focused on identifying responders after CRT. The clinical implication in AMI has not been fully evaluated yet. Some studies have demonstrated the impact of LV dyssynchrony on AMI. In those studies, the presence of LV dyssynchrony reflected a larger infarction burden, which increased the change in unfavorable remodeling, and chronic dyssynergy was sufficient alone to induce ischemic LVR in patients with AMIs.
25)26) Thus, we assumed that myocardial dyssynchrony after an AMI may be a primary indicator of remodeling.
The assessment of LV dyssynchrony has been performed using various echocardiographic techniques. Currently, tissue Doppler imaging is the major modality for estimation of myocardial contractile performance. The maximum difference in the peak systolic time, as measured by a color-coded tissue Doppler imaging technique, and the standard deviation of the time to peak radial strain in speckled tracking radial strain analysis are two mainstays for the assessment of dyssynchrony. 27) We used a color-coded TDI technique for the study because it is easy for post-examination analysis and has relatively good reproducibility.
In the study results, the incidence of LV dyssynchrony was significantly higher in the LVR group. There was a positive correlation between the change in LVESV and the LV dyssynchrony index. Also, this relationship was tested for independency. We concluded that the presence of LV dyssynchrony was a primary factor in predicting the development of LVR. Indeed, the degree of LV dyssynchrony can predict the extent of LVR.
The clinical implications of this study primarily involve the prognostic value. Recognition of dyssynchrony may enable physicians to predict a higher probability of LVR early after patient presentation, in which greater caution and aggressive treatment will be afforded the patient. In fact, LV dyssynchrony may be more than a prognosticator. Some studies have demonstrated that stem cell transfusion following an AMI can prevent LVR, 28)29) and induce restoration of LV dyssynchrony.
30) The implication of such results is that LV dyssynchrony should be one of the treatment goals in patients with AMIs.
Conclusion
In patients with AMIs, the presence of LV systolic dyssynchrony is an independent predictor for the develop- Ts-diff.: maximum difference between time to peak systolic velocity, TnI: troponin I, CK-MB: creatine kinase MB, LAD-IRA: infarct related artery was left anterior descending artery, TIMI: thrombolysis in myocardial infarction 
1-specificity
ment of LVR after long-term follow-up. More clinical caution and aggressive treatment should be made available in the management of such patients.
